Hemophilus pisciun is the etiological agent of "ulcer disease," an infection prevalent in certain salmonoid fishes.'9 Recent studies have indicated that diphosphothiamine (cocarboxylase) or adenosine triphosphate (ATP), but not hemin (X factor) and/or coenzyme I (V factor), could replace blood or other natural materials as supplements for the growth of this micro-organism.6 The present report is concerned with the effect of a number of related compounds on the growth of H. pisciurn and with the development of a synthetic medium which supports the growth of this bacterium.
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METHODS
Several strains of H. piscium were grown at 22°C. for 48 hours on nutrient agar supplemented with 10 per cent sterile defibrinated rabbit blood. A loopful of the resulting growth was emulsified in 10 ml. of the basal medium which contained proteose-peptone $3 (Difco) plus glucose6 and incubated for 24 hours at 220 C.;
visible growth was present at this time. One-tenth ml. of this culture was inoculated into 10 ml. of the fresh sterile basal medium and again incubated for 24 hours at 22°C. A faint growth response was evident at the end of this interval. The culture was then centrifuged at 2,000 r.p.m. for 10 minutes, the supernatant removed, and the organisms resuspended in 10 ml. of sterile basal medium. This process of sedimenting the organisms, removing the supernatant, and resuspending the bacteria was repeated twice. The organisms were finally suspended in 10 ml. of sterile basal medium and then diluted 1: 5 with 0.9 per cent saline. One drop delivered from a 1 ml. pipette served as the inoculum for the various tests to be described. In this manner the transfer of accessory growth substances from the original blood-enriched medium was usually eliminated.
Materials to be tested for growth-promoting activity were sterilized by passage through Chamberland or Selas filters. Suitable controls were included to test the sterility of the added substances. After incubation for 96 hours at 22°C., growth was recorded in terms of optical density (Klett-Summerson photoelectric colorimeter; 660 mu. filter).
RESULTS
Stimulatory effect of hemin. It has been shown that cocarboxylase or ATP are highly active in replacing such natural materials as blood or fish peptone in the growth of H. pisciumn. However, the growth response to cocarboxylase or ATP approached, but never equaled, the growth which resulted in the basal medium containing either of these natural products. An absolute requirement for hemin had been ruled out in previous studies.' However, recent observations indicate that the addition of hemin to the basal medium containing either cocarboxylase or ATP produces a marked increase in the growth of H. piscium. The greatest stimulation occurred with 8-10 ug. of hemin per ml. of the basal medium. Frequently, the amount of growth was double that which was obtained with either cocarboxylase or ATP alone, and usually equaled the growth response to blood or fish peptone. Thus most, perhaps all, of the special activity of the natural products may be attributed to these substances.
Activity of thiamine and thiamine monophosphate. Since thiamine in concentrations as high as 100 mg. per cent did not support the growth of H. piscium, it appeared to be of interest to investigate the effect of thiamine in combination with either ATP or cocarboxylase. Cocarboxylase* was employed in a concentration of 10 MAg. per ml. of basal medium, and varying concentrations of thiamine were added in a range of from 1 to 1000 MAg. per ml. Similar tests were performed substituting ATP for cocarboxylase at a level of 50 ,ug. per ml. of basal medium. Although there were some slight differences encountered with the various strains of H. piscium employed, the data indicated that approximately 1000 pg. of thiamine per ml. of basal medium will inhibit practically all of the growth of H. piscium which normally occtrred when 10 Mug. per ml. of cocarboxylase were added to the basal medium. In the presence of ATP, inhibition of the growth of H. piscium was noted at slightly lower levels of thiamine. In other tests employing thiamine at a level of 1000 ug. per ml. of basal medium, the inhibition of growth could be overcome by progressively increasing the concentration of either cocarboxylase or ATP above 10 or 50 Mug. per ml. respectively. Preliminary studies of the thiamine-cocarboxylase system suggest that the inhibition is competitive.
Thiamine monophosphatet in a concentration of 40 Mug. per ml. of basal medium was tested for its ability to dissolved in M/50 KH2PO4, sterilized by filtration, and used in a concentration of 40 ,ug. per ml. of basal medium. The barium salt of adenosine diphosphate* (ADP) was converted to the sodium salt by dissolving the material in cold distilled water by the addition of 5N HCl, precipitating the barium as BaSO4 with 1M Na2SO4, neutralizing as rapidly as possible with 5N NaOH, and filtering through No. 5 Whatman filter paper. The material was then diluted with distilled water, sterilized by filtration, and employed in the basal medium at a concentration of 40 Mg. per ml. (calculated as the sodium salt). In the concentrations employed, these substances supported the growth of H. piscium but were not as active in this respect as 2 It should be noted that 1 to 2 Mg. of cocarboxylase per ml. of basal medium were more active than any of the adenine compounds tested. An increase in the concentration of cocarboxylase above these levels did not result in any appreciable increase in growth.
Although slight strain differences apparently exist, an increase in the concentration of ATP or ADP above 20 and 40 Mg. per ml. of basal medium, respectively, did not result in an increased growth response. The data concerning the growth of H. piscium in the presence of adenylic acid must be interpreted with caution since in about half of the tests no growth occurred, and in the remaining tests the growth response was weak.
Microbiological assay of adenylic acid, ADP and A TP for contamination with thiamine. In a previous report' it was suggested that the activity of ATP might be attributed to the presence of small amounts of cocarboxylase present as a contaminant. This possibility was tested by the application of a microbiological assay for thiamine to the various adenine compounds employed in this study. sentative value appeared to be 0.018 Mg. of thiamine per 100 Mg. of ATP. ADP had very slight activity for L. fermenti, and the growth was not linearly proportional to the concentration of ADP. From 50 to 500 Mg. of ADP per tube produced a growth response equivalent to that obtained with 0.002 to 0.005 Mg. of thiamine. The assay of adenylic acid indicated that this material. supplied essentially no thiamine when used at levels of from 50 to 500 ug. per 10 ml. of medium per tube. A few tubes occasionally gave slight turbidimetric readings, but these were not constant enough to permit any definite conclusion. The tubes showing growth were usually those with the intermediate amounts of adenylic acid and not those with the highest concentrations.
Adenylic acid, ADP, and ATP were tested in amounts of 10 and 50 ,ug.
per tube in the presence of 0.01 and 0.03 Mg. of thiamine to determine whether they stimulated the growth of the assay organism, L. fermsenti. In all cases the growth with thiamine plus any of the adenylic compounds appeared to be additive, subject to the qualifications above.
The smallest concentration of ATP necessary to support the growth of H. piscium was 2.0 Mg. per ml. of basal medium. If one assumed, on the basis of the thiamine assay of ATP with L. fermenti, that all of the thiamine was present in ATP as cocarboxylase, then the total amount of cocarboxylase present in 2 ,ug. per 
DIscUSSION
The importance of supplementing a medium with either a prephosphorylated metabolite or a suitable transphosphorylating agent has been suggested by the work of many investigators,"'"20 and strong evidence exists for the view that the phosphate derivatives of many of the vitamins, rather than the free forms, are active in metabolism. This applies clearly to thiamine in certain bacteria, for Lipmann" found that cocarboxylase rather than free thiamine mediated the oxidation of pyruvic acid. Barron and Lyman1 reported that thiamine was inactive and cocarboxylase active in the oxidation of pyruvate by gonococci and hemolytic streptococci. Lohmann and Schuster" obtained similar data with yeast cells. It appears probable that thiamine is the precursor of cocarboxylase.' Some confirmation of this viewpoint comes from the demonstration of enzymes capable of phosphorylating thiamine which are present in a variety of cells. The available data indicate that adenosine triphosphate is probably the usual phosphorylating agent. 1 "'
The behavior of H. piscium may exemplify the profound enhancement in biological activity achieved by phosphorylating the vitamin moiety, since thiamine, in concentrations up to 100 mg. per cent did not support growth. In contrast with this finding, the phosphorylated derivative, diphosphothiamine, showed maximal activity in concentrations of 1 to 2 jug. per ml.
If the requirement for an exogenous supply of a growth factor reflects an impairment in synthesis, then the question arises as to the nature of the defect in the metabolism of H. pisciul. The inactivity of thiamine and the activity of cocarboxylase may imply that the bacterium cannot convert thiamine to diphosphothiamine. However, thiamine monophosphate was highly active in promoting growth. Green and his associates' indicated that thiamine monophosphate could not replace the diphosphate in reactivating a carboxylase preparation, and Weil-Malherbe' reported that the monophosphate was inactive as the coenzyme of carboxylase from yeast. Therefore, if the diphosphate is the only compound possessing immediate cocarboxylase activity and if cocarboxylase is the compound of central importance in the metabolism of H. piscium, it may be reasonable to suggest that the response to the monophosphate is a reflection of its conversion to the diphosphate. It would then appear that the defect centers about the mechanism concerned with the initial phosphorylation of thiamine. The activity of the various adenine derivatives in a basal medium deficient only in diphosphothiamine poses the next question. If adenosine triphosphate is indeed the phosphorylating agent involved in the conversion of thiamine to diphosphothiamine, the activity of the adenine compounds in supporting the growth of H. piscium may be understandable. Lack of growth in an unenriched medium may be a result of the inability of the organism to synthesize certain substances, such as ATP, at a rate sufficient to satisfy the demands of the organism. The fact that adenylic acid would occasionally elicit a weak growth response might indicate that the organism still retains the ability to perform a limited amount of synthesis of ATP when given a suitable point of departure. This possibility parallels the suggestion that many highly specialized parasites are difficult to culture on artificial media due to their inability to synthesize an energy source such as ATP.3" '11 Another suggestion may be advanced, based on the observation that thiamine will inhibit the growth of H. piscium in the presence of either diphosphothiamine or ATP. The organism may synthesize thiamine (or some other substance) so abundantly that a metabolic imbalance results. One might then assume that a high ratio of thiamine synthesis to cocarboxylase synthesis leads to a situation which is analogous to the in vitro demonstration of the inhibition of growth by an excess of thiamine. The addition of either an excess of a phosphorylating agent such as ATP, a suitable nucleus for synthesis such as adenylic acid or ADP, or a compound whose function may be directly interfered with in the competition, such as diphosphothiamine or thiamine monophosphate, may correct this imbalance.
With the notable exception of the work on Hemophilus parainfluenzae by Herbst8"9 and Herbst and Snell,'0 it appears that the growth requirements of various members of the genus Hemophilus have been investigated only in terms of the X and V factors. This is unfortunate and unnecessarily restrictive. Investigations such as those of Gingrich and Schlenk,' who have demonstrated that the requirement for coenzyme I by so typical a member of the genus as Hemophilus influenzae is not absolute, suggest that nutritional studies of hemophilic bacteria be extended to include the utilization of various phosphorylated intermediates.
SUMMARY
Although H. piscium lacks an absolute requirement for hemin, this compound in the presence of cocarboxylase or adenosine triphosphate produced a growth response which equaled that obtained with blood or fish peptone.
Adenosine diphosphate and thiamine monophosphate were found to support the growth of H. piscium. Equivocal growth occurred in the presence of adenylic acid.
The results of microbiological assays for thiamine in the various phosphorylated adenine compounds employed suggest that the activity of these compounds is not due to contamination with cocarboxylase.
Thiamine proved inhibitory to the growth of H. piscium. In separate tests it was found that this inhibition could be reversed by increasing the concentration of either cocarboxylase or ATP above those levels at which the inhibition occurred. Preliminary studies of the thiamine-cocarboxylase system indicate that the inhibition is probably competitive.
The organism was grown and subcultured repeatedly in a defined medium which contained various amino acids, adenine, guanine, uracil, glucose, hemin, several of the vitamins (including cocarboxylase), and mineral salts.
